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S i g n i f i c a n t  progress  has been made during t h e  subdivides  t h e  l a r g e  neutron de tec to r s  i n t o  o p t i c a l l y  
pas t  year on a l l  aspects  of the  preparat ions  f o r  t h e  i s o l a t e d  c e l l s .  A l l  of the  phototube bases and nea r ly  
CSB experiment , l  although the  schedule of preliminary a l l  of the  s p e c i a l  process ing e l e c t r o n i c s  f o r  the  
t e s t  runs was in te r rup ted  f o r  about s i x  months by the  neutron d e t e c t o r s  a r e  b u i l t ;  s i g n i f i c a n t  work remains 
polar ized ion source f i r e .  I n  t h i s  sec t ion  we t o  be done only on the  front-end microprocessor 
summarize the  s t a t u s  of the  equipment s p e c i f i c a l l y  hardware and software t o  read out the  b i t  pa t t e rns ,  
r e l a t e d  t o  the  CSB experiment, and the  r e s u l t s  of some timing, and energy information f o r  the  neutron 
recent  runs. De ta i l s  concerning apparatus  i n  t h e  d e t e c t o r s  and t r a n s f e r  a l l  of t h e  da ta  from CAMAC t o  
polar ized neutron f a c i l i t y  (PNF), which is now the  computer. The phototube bases designed and 
e s s e n t i a l l y  complete, and n beam proper t i e s  a r e  given constructed a t  Hope College incorporate  
i n  the  t echn ica l  sec t ion  of t h i s  repor t .  constant- f ract ion d i sc r imina t ion  c i r c u i t s  a s  we l l  a s  
The de tec t ion  a r rays  f o r  CSB a r e  now near ly  vol tage d iv ide r  chains.  I n  cosmic ray t e s t s  we have 
complete. The four  small  MWPC1s (ac t ive  a r e a  = 37.4 x achieved -600 ps t iming reso lu t ion  between p a i r s  of 
32.5 cm) needed f o r  the  experiment, a s  we l l  a s  two c e l l s ,  which w i l l  be use fu l  i n  d i s t ingu i sh ing  the  f i r s t  
spares ,  a r e  complete, a s  a r e  the  f i r s t  x-y p a i r  of among poss ib le  mul t ip le  f i r e s  of the  neutron d e t e c t o r s  
l a r g e  (83.7 x 69.8 cm) MWPC1s and the  a s soc ia ted  i n  the  CSB experiment. The r e s u l t s  of ongoing t e s t s  
readout e l e c t r o n i c s  and software. The remaining l a r g e  f o r  the  l i g h t  output and long-term s t a b i l i t y  of the  
chambers a r e  c u r r e n t l y  being constructed. Improved l a se r - f ibe r  o p t i c s  l ight-puls ing d iagnos t i c  system f o r  
grounding on both the  chambers themselves and on the  the  -200 phototubes a r e  encouraging. A l l  of the  
commercial LeCroy (PCOS 11) c i r c u i t  boards has necessary s i g n a l  cables  have been s t rung  from the  PNF 
el iminated e a r l i e r  problems with  f a u l t y  f i r i n g  of the  cave t o  the  CSB hut ,  allowing the  e l e c t r o n i c s  se tup  f o r  
d i sc r imina to r s  f o r  many wires. The wedge-shaped our most recent  runs,  and f o r  a l l  f u t u r e  runs,  t o  be 
p l a s t i c  s t a r t  s c i n t i l l a t o r s  f o r  the  l e f t  and r i g h t  c a r r i e d  out i n  t h e  hut. The "C" Harris computer w i l l  
d e t e c t o r  arms and the  f i r s t  of the  two 96-cell l i q u i d  s h o r t l y  be moved downstairs t o  a loca t ion  j u s t  ou t s ide  
s c i n t i l l a t i o n  neutron de tec to r s  have been b u i l t  and t h e  CSB hut ,  providing us wi th  a complete l o c a l  da ta  
success fu l ly  t e s t ed .  Construction of the  second a c q u i s i t i o n  system. 
neutron d e t e c t o r  is under way. Figure  1 dep ic t s  an I n  a run i n  December 1982 we made use of a l a r g e  
e a r l y  s t age  i n  the  assembly of the  t r apezo ida l ,  h ighly  f r a c t i o n  of the  CSB de tec t ion  a r rays ,  including one 
pol ished aluminum "honeycomb" s t r u c t u r e  which complete arm (wedge-shaped p l a s t i c  s c i n t i l l a t o r ,  smal l  
Figure 1. An e a r l y  s t a g e  dur ing assembly of the  honeycomb s t r u c t u r e  which subdivides  the  l a r g e  l i q u i d  
s c i n t i l l a t i o n  d e t e c t o r  i n t o  o p t i c a l l y  i s o l a t e d  tapered subcel ls .  The s t r u c t u r e  comprises i n t e r s e c t i n g  hor i zon ta l  
and v e r t i c a l  wa l l s  of .04OW-thick highly  polished aluminum. 
x-y MWPC Is, l a r g e  x-y MWPC 's and l a r g e  l i q u i d  independent schemes f o r  providing abso lu te  angle  
s c i n t i l l a t i o n  de tec to r ,  although we processed s i g n a l s  c a l i b r a t i o n s  f o r  the  d e t e c t o r s  wi th  use of the  
from only one 16-cell  block of the l a t t e r  de tec to r ) .  secondary proton beam. The f i r s t  scheme involves  
I n  conjunction with the  wedge-shaped s c i n t i l l a t o r  and measurement of the  zero-crossing angle  f o r  the  f r e e  p-p 
smal l  x-y MWPC1s on the  second arm, we measured s c a t t e r i n g  analyzing power, constra ined by the  
charged-par t ic le  coincidences induced by a secondary i n d i s t i n g u i s h a b i l i t y  of the  two protons t o  occur a t  
polar ized proton beam (Ep - 190 MeV) i n  the  PNF (from a Glab = 43-64' (€lCarna = 90.0')- T h e  second s c h e m e  
7 ~ 1  production t a r g e t ) .  The run served a s  a success fu l  involves  a kinematic c ross ing  f o r  f r e e  p-d s c a t t e r i n g ,  
in-beam t e s t  of the  l a r g e  MWPCfs and of the  a s soc ia ted  wherein the  coincident  protons and deuterons emerge a t  
readout hardware and software. We a l s o  t e s t e d  p r e c i s e l y  the  same l abora to ry  angle  (Olab = 51.12'). 
t ransform software allowing ray- t racing of the  The da ta  obtained i n  a shor t  p-d s c a t t e r i n g  run with  a 
cha rged-pa r t i c l e  t r a j e c t o r y  f o r  the  complete de tec to r  400 mg/cm2 CD2 t a r g e t  a r e  shown i n  Fig. 2. Both t h e  
arm, consis tency checks between pos i t ion  information p-p and p-d cross ings  a r e  contained wi th in  t h e  angular  
from the  MWPC1s and the  mul t i ce l l ed  l i q u i d  range spanned by the  CSB de tec to r s ,  and toge the r  with 
s c i n t i l l a t o r ,  determinat ion of the  point  of o r i g i n  of o p t i c a l  alignment of the  de tec to r s ,  they should 
t h e  s c a t t e r i n g  event on t h e  extended t a r g e t ,  and adequately cons t ra in  t h e  angle  c a l i b r a t i o n  f o r  each 
accura te  e x t r a c t i o n  of the  opening angles (Bopen and ind iv idua l  pos i t ion - sens i t ive  component of the  d e t e c t o r  
$open) f o r  the  de tec ted  p a r t i c l e  pai r .  We were ab le ,  ar rays .  
i n  addi t ion,  t o  demonstrate the  usefulness  of two 
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Figure 2. I l l u s t r a t i o n  of the  p-d s c a t t e r i n g  kinematic 
c ross ing  used a s  one method f o r  abso lu te  angle 
c a l i b r a t i o n  of the  MWPC's. The i n t e r s e c t i n g  kinematic 
l o c i  correspond t o  (1)  events  (pL-dR) where the  proton 
i s  detected i n  the  l e f t  arm and the  r e c o i l  deuteron on 
t h e  r i g h t ,  and (2)  events  (pR-dL) wi th  the  deuteron on 
t h e  l e f t  and the  proton on the  r igh t .  Each channel i n  
t h e  spectrum corresponds t o  0.4O f o r  both @left and 
--- - 
Bright. The cross ing must occur a t  
Bleft=Bright=51. 12". 
The opening-angle r e so lu t ion  obtained i n  the  
December run f o r  f r e e  p-p s c a t t e r i n g  events  i n i t i a t e d  
i n  a 114"-thick p l a s t i c  s c i n t i l l a t o r  t a r g e t  (of 
th ickness  comparable t o  t h a t  t o  be used f o r  the  y t t r ium 
e t h y l  s u l f a t e  polar ized proton t a r g e t 2  i n  the  CSB 
experiment) was heopen (FWHM)z1.7", A+open (FWHM)-4.2O. 
The dominant con t r ibu t ion  t o  the  r e so lu t ion  l i m i t  was 
from mult ip le  s c a t t e r i n g  of the  emerging protons i n  the  
p l a s t i c  t a rge t .  S l i g h t l y  worse mul t ip le  s c a t t e r i n g  of 
t h e  emerging proton i n  the  CSB setup,  coupled with the  
i n t r i n s i c a l l y  poorer angle  r e so lu t ion  of the  neutron 
d e t e c t o r  i n  comparison with the  MJPC's, a r e  expected t o  
y i e l d  an n-p opening angle r e so lu t ion  perhaps 25-50X 
worse than above. As a l ready suggested by measurements 
of p-p angular c o r r e l a t i o n s  r e s u l t i n g  from proton 
bombardment of a CH2 t a r g e t ,  made i n  F a l l  of 1981 with 
a s i n g l e  MWPC p a i r  on one arm and the  prototype l i q u i d  
s c i n t i l l a t o r  on the  o the r ,  t he  expected re so lu t ion  f o r  
n-p de tec t ion  should be s u f f i c i e n t  t o  d i sc r imina te  
aga ins t  quasi-free (n,np) events i n i t i a t e d  on 
contaminant nuc le i  i n  t h e  CSB ta rge t .  I n  p a r t i c u l a r ,  
Fig. 3 i l l u s t r a t e s  t h a t  quasi - f ree  (p,2p) events  from 
t h e  CH2 t a r g e t  were reduced t o  a t o l e r a b l e  background 
l e v e l  (corresponding t o  -0.5% CSB background under the  
f r e e  n-p s c a t t e r i n g  peak i n  the  QOpen spectrum) by 
making reasonable c u t s  appropr ia te  t o  f r e e  s c a t t e r i n g  
on o the r  parameters (most notably  on the  d i f f e rence  i n  
f l i g h t  times between the  two detected nucleons and on 
t h e i r  cop lana r i ty  +open). S u f f i c i e n t l y  accurate  
CH, ( p . 2 ~ )  Ep= 2 0 0  MeV 
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Figure 3. 
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s c a t t e r i n g  
: 
Opening-angle spec t ra  f o r  p-p coincidences 
t a r g e t ,  i l l u s t r a t i n g  the  l e v e l  of quasi-free 
background under the  f r e e  s c a t t e r i n g  peak 
ob ta inab le  wi th  (a)  no c u t s  on o the r  parameters, and 
(b) c u t s  appropr ia te  t o  f r e e  s c a t t e r i n g  on t h e  
t ime-of-f l ight  of both detected nucleons, on t h e i r  
cop lana r i ty ,  and on t h e  energy depos i t ion  of one of 
t h e  protons i n  the  l i q u i d  s c i n t i l l a t o r .  The angle  
measurements f o r  t h i s  da ta  were made with one small  x-y 
MWPC p a i r  on one arm and t h e  prototype l i q u i d  
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sub t rac t ion  ( t o  +0.05%) of the  quasi - f ree  background 
i n  the  CSB experiment w i l l  then be poss ib l e  wi th  the  
a i d  of (p,pn) measurements f o r  t he  same t a r g e t  and 
(n,np) measurements on hydrogen-free t a r g e t s  of 
o therwise  s i m i l a r  c o n s t i t u t i o n .  
The p repa ra t ions  f o r  and a n a l y s i s  of r e s u l t s  from 
t h e  recent  t e s t  runs have l e d  t o  a considerable  
evo lu t ion  i n  the  d a t a  a c q u i s i t i o n  (RAQUEL) sof tware  f o r  
handl ing CSB-specific CAMAC i n t e r r u p t s ,  and f o r  
transforming the  incoming raw s i g n a l s  i n t o  der ived 
parameters most u s e f u l  f o r  on-line checks of t he  
ope ra t ion  of a l l  hardware. During the  next s e v e r a l  
months we w i l l  implement a f u r t h e r  major improvement t o  
RAQUEL, t o  a l low f o r  mul t ip l e  sub-groups of s i g n a l  
sou rces ,  each of v a r i a b l e  word length ,  w i th in  an event.  
This  modif ica t ion w i l l  f a c i l i t a t e  handling of 
mul t ip l e -h i t  d a t a  from the  MWPC's and mul t i -ce l led  
l i q u i d  s c i n t i l l a t o r s ,  while minimizing consumption of 
event  tape  and overhead i n  t h e  in ter rupt-handl ing and 
on-line s o r t i n g  software.  
There a r e  t h r e e  major p ieces  of hardware needed 
f o r  the  f i n a l  CSB se tup  on which s i g n i f i c a n t  f u r t h e r  
development work remains t o  be done. The "spin 
r e f  r i g e r a t o r "  t a r g e t  has now been polar ized a t  t he  
Univers i ty  of Wisconsin. At a t a r g e t  r o t a t i o n  speed of 
20 Hz and temperature of 0.6"K, and f o r  a p o l a r i z i n g  
f i e l d  = 1.0 T, t he  measured p o l a r i z a t i o n  was -25%, 
sma l l e r  than expected on the  b a s i s  of previous r e s u l t s 2  
f o r  t h i s  type of t a r g e t .  It is hoped t h a t  i nc reases  i n  
the  t a r g e t  r o t a t i o n  speed, t he  po la r i z ing  f i e l d  
i n t e n s i t y  ( t o  1.1-1.2 T), and t h e  Yb-ion doping 
concen t ra t ion  i n  t h e  samples w i l l  a l low at ta inment  of 
p o l a r i z a t i o n s  i n  excess of 60%. Deta i led  des ign and 
implementation of the  f ront-end microprocessor hardware 
and software f o r  readout of t he  l i q u i d  s c i n t i l l a t o r  
d e t e c t o r s  and CAMAC event bu f fe r ing  should t ake  place  
over the  next s e v e r a l  months. F i n a l l y ,  we a r e  
p resen t ly  des igning the  r o t a t a b l e  arms and a s soc ia t ed  
alignment f i x t u r e s  which w i l l  suppor t  t h e  d e t e c t o r  
a r r a y s  i n  t h e i r  u l t ima te  conf igurat ion.  It is our hope 
t o  begin d e t a i l e d  s t u d i e s  of sys t ema t i c  e r r o r s  wi th  the  
complete CSB apparatus  dur ing the  summer of 1983 and t o  
i n i t i a t e  production runs toward the  end of the  year.  
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